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Abstract 
Today, in the study of algebra structures, we notice the new concept of superhyper algebras. In this article, we 


introduce and study strong (2 q")-superhyper EQ algebra. Also, we will examine the specific features of strong 


(@ a" )-superhyper EQ algebra. The article aims to extend EQ algebras to super hyper EQ algebras using the q‘”- 


power set of a set. 
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1 | Introduction 


Logical algebra is an interdisciplinary algebraic structure that is applicable in various sciences. In logical 
algebra, each set is uniquely defined by properties and algebraic principles and obeys a certain law. Considering 
the importance of the theory of logical algebras, many researchers investigate its characteristics and 
importance. Logical algebraic hyperstructutes are more useful in the real world by covering the deficiencies 
of logical algebra, especially when dealing with relationships between sets of objects. For the first time, an 
interesting and important logical algebra denominated EQ algebra was Raised by Novak and De Baets in 2009 
[12]. EQ algebras have three main binary operations and one top element which is assumed to be a 
commutative and associative multiplication. The logical background of EQ algebras is different from other 
logical algebras. Since the generalization of the residuated lattices are EQ algebras, therefore EQ algebras are 
interesting and important algebraic structures. Since residuated lattices generalizations are EQ algebras, EQ 
algebras are attractive and important algebraic structures [1-24]. We can read more about EQ algebras in 
[1,2,8,10-12]. 

The first time, Florentin Smarandache offered the concept of SuperHyperAlgebras as a generalization of 
Hyper Algebras, which, contrary to the limitation of Hyper Algebras, SuperHyperAlgebras is more applicable 
in the real world [16-20]. Recently, Rahmati and Hamidi introduced superhyper G-algebras as a generalization 
of G-algebras [14], also, Hamidi et al. introduced and investigated new concepts of superhyper algebras [4-6]. 


This paper is dedicated to the introduction and study of strong (2, q”)-superhyper EQ algebras as a 


generalization and extension of EQ algebra. Also, some properties of strong (¢ ; q” )-supethyper EQ algebras 
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have been investigated. Our intention in presenting this article is to offer a strong G q” )-supethyper EQ 


algebras as an extension of logic algebras. 
2 | Preliminaries 


In this part, let’s remind the preliminary notions. 


Definition 1. [1] Suppose X be a non-absurd collection. Then a (X A,%, 1) where A,0, are binary 
operations, EQ algebra is called if for all A,1,b,4 € X: 

(EQ-1) (X,A, 1) is a A-semilattice which contains the element above 1. We put A < vif and only if 

A (h,.) = ht, 

(EQ-2) (X 8, 1) is a commutative monoid and ® is isotone, 

(EQ-3) h¥h = 1, 

(EQ-4) (A (h,1) &b) @ GEA) < (b FA (4,0), 

(EQ-5) (h¥1) @ (b #4) < (Hh Fb) FFA), 

(EQ-6) A (h,1,b) Fh <A (hd) Kh, 

(EQ-7)h@ish&. 


The action “ @)” is named multiplication, and “ ¥” is named fuzzy equality. 


Definition 2. [17, 20] Suppose Y be a non-absurd collection. Then (Y, 6(,5),1) is named a (r, s)-super 
hyperalgebra, where 67,5): Y" > P3(Y) is called an (7, 5)-super hyper operation, P(Y) is the s*” powerset 
of the collection Y, which does not include @, each BEPS(Y), we know {B} by B, 
r2>2,s 20 ’=Y xY x...xY 

eps TEs = 0, then P9(Y) =. 


3 |Superhyper EQ Algebra 


In this part, we construct the notion of strong superhyper FQ algebras as generalizations of FQ algebras and 
present its specific features. 


Definition 3. Presume Y be a non-absurd collection and 1 € Y. Then (V,A0, O(eqm), 1) is named a strong 
(2, a” )-superhyper EQ algebra, if for each h, 1, 6, 7€ Y: 
e (Y,A, 1) is a A-semilattice which contains the element above 1. We put h < LiffA (hd) = h, 
e (Y,0, 1) is a commutative monoid and 6) is isotone, 
© 1é€d6¢mhh...,h), 
© 6 (Beam (),...A (A), 9), 8am (4 4 4A)) < 
Sean (4,4,.., 5A (40), 
© GO (dealt, h, 2,0, 0am (45-59) < 
Beam (Bceqmy (PM nsf, BY, oes Ocegmy (BR nsf, 6), OceaMC(b mst) 


© Opa Bt Bs A Bet DR) S Opa (A (Rd), A (RD, A) 


© Oh) <tem(Ahhp..., hv. 
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Example 4. (i) Assume (Y,A.0, Oce qn), 1) be a_ strong (e 5 q” )-superhyper EQ algebra. Then 
(Y,A,O, 82), 1) is an EQ algebra. (ii) Assume (YAO, dean ; 1) be a strong (2, q")-superhyper EQ 
algebra. Then (YAO, 6(2,1)) 1) is a hyper EQ algebra. 

Theorem 5. Assume (Y,A,0, Ocean ; 1) be a strong (2, q" )-supethyper EQ algebra. Then (V,A0, O(p,k)» 1) 
is a strong (p, k)-superhyper EQ algebra, for each k = q. 

Proof. Assume (Y,A,0, Ocean) 1) be a strong (2, a” )-superhyper EQ algebra and k = q. Because pa (Y) Sc 
PE(Y), for each hy, ho, ey My E Xx, Ocean (fu, hy, phy) Cc Sen) (Aa, hy, snap llig )s Therefore 1¢€ 
O(e.qm) (fy, hy, ., hy) it means 1 € Sqn) (Fu, hy, ., iy): Therefore, all axioms are correct. 

The coming precept is a result of other axioms of strong (2, a” )-superhyper EQ algebra: 


(eq) (A (A, 1), are A (A, L), h) = Sceam(A (h, L, d), ae A (h, l, b),A (h, b)). 


Definition 6. Assume Y be a strong (2, q")-superhyper EQ algebra. We also for h,uE Y, seth O 4+ O 
th O1:= Ocean (A (h, 0), ...,A (A, 0), A), h* = Oceqm (fh, ..., h, 1). Therefore, we can rewrite (EQsn-6) and 
(1) as AO GASA(LA SAO SCASOL ARO“ GROLSA(AAD SO SA(AA SL 
respectively. If Y also contains a bottom element 0 therefore, we can define the following unary operation - 


on Y with nh: = Ocean (h, h, ...,h, 0) and call ah a negation of h € Y. 


Theorem 7. Presume (V,A,0, Ocean 51) be a strong C a” )-superhyper EQ algebra. Then, the coming 


features ate available for every fi,1, 6 € Y: 
© GO (Gem A, AD, Beam (Ub 1D) S eam ( bo 5A, 
© Oem (hh,...h, A < d¢m(A (40), ...A (40,0 (4,0), 
© O(deamlhh, ...,h, 9, d¢am(A (h, 0), A (hy), ‘)) < 
Seam (4 & 4A (4D), 
© Beam (A (AD, A (AD, A) < Bceam(A (A, 5), «A (A AA (A (fh, 0), 4)). 


Proof. By (EQ;n-4), we have 


6) (8am (h, Fi, us 98,1), Beez Ch by ones 6) 
=6 (eam, 1, pt, 5), Spam (hy hi, «., h, )) 


=6 (Sam (AWD, A GD, 4), Seam (Ah, oI, ») < Beam(4 4 5A (1) 
= Beam (bb, on, b A). 


By (EQsn-4), we get 
Sceam (Ah, ...,h, 9 
=6 (1,d¢,am(h,h, ...,h, 9) 
SO (Beam (A (40), A 4D), Beam (hh, ..h, 9) < 
Ocean(A (40), «A (40,A (A, 0). 
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According to (i), (ii) and (EQs5n-2), we have 


oO (8am (h, hy 2, 4), Oceam(A (AD, =A (h, 0), 6)) 
<O (8am (A (40, A GDA (B,D), O¢,am (A (A, 0, A (B,0), 8) 
< Seam(4 b, ., 5K (41). 
By (EQsn-3), (EQsn-4), we have 
Seam (A (A, 1), «A (A, 1), h) 
SO Ocean (A (A, 8), A(R )), Oeam(A (A, 0), «A (1,0), AD) 
< dean (A (fh, 4), ...,A (h, 5),A (A (hi, 0), 4)). 
Definition 8. Assume Y be a_ strong (2, q")-superhyper EQ algebra. Then Y is named 
* semi-separated if for every hE Y, Ocean) (h, h,..,h,1) =1=> h=1. © separated if for every hi EY, 
O(e.q7) (A, h,...,h,l) = 1 => h =1. © spanned If 0 is the bottom element of Y and O¢e.a7) (0,0, ...,0) = 0. ° 
good if for every hE Y, Ocean (Ah, ..., h, 1) = fh. * residuated if for every h,1, 6 € Y, A (O (h, 1), ) = 
O (hh) OA (A, BemA (4), .A(H),1)) =h.+ idempotent it satisfies O (AA, A)=L + 
involutive (strong (2, q” )-supethyper IEQ-algebra) if for every h € Y, aAh = fh. * a lattice-strong (2, q")- 
super hyper EQ algebra (a strong (2, q” )-supethyper £EQ algebra) if it is a lattice-ordered strong (2, q”)- 
super hyper EQ algebra where in the coming precept holds for each h,1, 4, 7€ Y, oO) (8am (V (fA, 1), ..,V 
(A,0), 5), 8am (4 4-42) < Beam (4D, (V 40), 8). 
Theorem 9. All strong (2, q” )-super hyper EQ-algebras have the coming properties for each h, 1, 5 € Y: 


© O(4) <A(A,)D < hytandO (Uh) SA(A,0 < AL, 
e h=timplies 1 € O¢q(hh,...,h, b), 
eux 


— > 


© Bean, AD SAO OHS tandLERG GA 


> 


e Presume h < 1. Then, 


LENG SASL 

Ocean (h, h, w AL =LO SOLON, 

h*<t, 

bo GhORSbO + GAOLand IO GIGSSAG SAG S. 
Proof. According to the properties of isotonic and monoid O,h <handi<1,s00 (h,1) <O (h,1) = 
h. Alsoh < 1andi<i,so© (h,)) <O (1,0 = 1. Therefore © (h, 0) <A (h, 0). Other A (A, 0) < h and 
A (hy) < 1.800 (h,D <A(A,D < Ayt. 


If h = 1, then 0g¢qm (hh, ..., h, b) = Oem (hf, ..., A). According to (EQsn-3), the sentence is proved. 
According to the (EQsn-3),1 =O (UD) < dg m4. LD =U. 
By Theorem 7(1), 


O(e.q7) (h, h, ney h, L) < O¢e.a7) (A (1, h), ws A (i, h),A (h, h)) 
= bem(A (4,0, A (A,0,h) =hOw- CASL 
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As well as 
AG Oh =d—em(A (AA), ...A (h, A), h) 


Since 1 € Oceqny (h, A), TERS: OAR. 
Suppose h < 1, then A (h, 1) = hand 


AG-GHOL 
= deam(A (4,0), A (HD, h) = Sam (hh, .., A), 
1 € dea (h A, ...,h), 


Therefore1EARO--- Oh G1 Also 
Pee ee TT 


= O(e,q7) (A (A, 1), on A (A, 1), b) 
= O¢e.q7) (h, h, suey h, b). 
Considering (EQ,;,-6), 

h* _ O(e.a7) (h, h, any h, 1) 
= Oem (A (h, 0), «A (4,0), 1) 
= dq (A (1A), ....A (A), 1) 
= Seam (A (1, l, h), eu iA (1, l, h), 1) 
Studia GoD 
= 6am Lent 1) =. 


By (EQsn-6), 
peu his 
= beam (A (4, A), ...,A (4, 4), 5) 
= beg (A (48,1), A (4,4,0, 4) S BMA (4D, A (0, 4) = b OO bSL 


By Theorem 7(iv), 
ae eek aia a 
= beam (A (4,0), A (40,0) 
< 8egm(A (41, fh), ...A (41h),A @h)) 
= deg (A (4, A), ...,A (4,h), A) 
=hRO GHA, 
Lemma 10. Assume h << b. Then Ocean (4, b, aeey L, L) < Ocean (4 b, any L, h) and O(eqm) (h, h, any h, 5) < 
O(e.qm) (h, h, ee h, L). 
Proof. By Theorem 9), assume AS then 19:S1G4ShRO+GADA!, hence 
Ocean (4 bush) < Oceqn) (4, b,..,6,h). As well as assume 1 < Sb then b90--GCSbGORS19+ S19 
h, therefore Opa (hh, ..., h, 6) S OMA A, ..., A, 0). 


Theorem 11. All strong (2, a” )-super hyper EQ-algebras have the following properties: 


. 6 (Ova (h, Fi, uP, 1), Beez (By by om 5 9) < 
Sceam(A (h, 4), ...,A (h, 4),A (9), 


34 


On Strong Super Hyper EQ Algebras: A Proof-of-Principle Study 


Ocean) (h, h, Hey h, 4) < 
Seam Ova (A (41), A (40, 4), Oe gm (A (4D), «A (40), 4), 
Seam (A (h, 0), ...,A (h, 1), 4)), 


e Ocean (h, h, a 4) < 
e Ocean) (h, h, wD, 4) < 
Sceam(@9 7 919 A, ..., 09 919 9,19 O19 Ad), 
© hAOwGaods 
(C9 SISA OH OOS SISA) OLSO+ S19 A). 
Proof. By Theorem 7 (ii), O¢g(hh,....h,0 < dem(A (U4), ...A (4 4),A(h,4)) and 
Ocean (4 L, Kany L, 4) < Sceqm(A (i, 4), wa A (i, 4), (1, b)). 
Therefore, according to the characteristics of © and Theorem 7 (a), we get 
© (Ocean (hy Ay A, 0), Ocean, by 5D) 
<O (62am (AU 4), A (U5), (A, 5)), Oeam(A (4D, AL D,A (1, 5))) 
=O O¢m(A(u 4, ...A (UDA (U4), Oa (AG A), AG 4),A (A, 4))) 
< 8 am(A (fA, 4), A (A, 5),A (UD). 


By Theorem 7 (b) and (EQgn-5), we conclude 
Seam (hh, 2, ) < O¢am(A (40), ...A (40,A (A, 0) 
SO (S¢am(A (40, A ADA (B,D), Oem (5 5, 6)) 
S eam (BeeaMA (40), R40), By Bea (A 4D, oA 40, 9, Beam A (h,0), «A (0, 6). 
By putting 1 = 1 in (D) is obtained. 
By putting 5 = b in (b) and according to the Definition 6 (2) is obtained. 
Using (d), we achieve 


AG GASSF 
= dean (A (h, 4), A (h, 9, h) 


S 6¢eq7) (as “OLGA LO OLS A), (vo  OLOA(h, 9)) 


SLO GILG Bu LO GILDA 9 (19 OLOAHD) 
(CO SISA GO O09 GIGA) O19 919 A), 


(by Definition 6 (4)). 
The next result is directly obtained from Theorem 11. 


Corollary 12. Assume Y be a strong (¢ ; q” )-superhyper EQ algebra with bottom element 0. Then for each 
hu, bE Y: 


© Ocean (hh,..,h,y < O¢eqn) (7h, ah, .., ah,a1). Moreover, if Y is involutive, thus 
Oceqn= (h, h,...,h, L) = Ocean) (7h, ah, ..., ah, a1). 


© dem(hh,...8b) < dem(AA (A, ... 44 (4,0, 44 (4,0). 
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4 | Conclusion 


This article is dedicated to introducing the new concept of strong superhyper EQ algebras as an expansion of 
EQ algebras. We hope that this research will be used in future studies in the field of logical superalgebras. We 
also hope that more valuable research will be done on Neutrosophic unique-valued (super) algebras EQ and 
the use of these algebras in various fields of uncertainty and fuzzy math, where this method is more powerful 
than classical mathematics. 
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